To investigate the effects of Scutellaria baicalensis stem-leaf flavonoid (SSF) on the decrease of neuroregeneration of rats induced by and its regulatory mechanism.
INTRODUCTION
Alzheimer's disease (AD) is a kind of neurodegenerative disease characterized by progressive cognitive handicap and memory hypomnesis. Its main pathological features include Senile plaques (Sps) formed by β-amyloid (Aβ) peptide deposition and neurofibrillar tangles formed by abnormal aggregation of hyperphosphorylation of tau protein [1] . At the same time, the reduction of the number of neurons and the decrease of neuroregeneration are also accompanied by the pathological process of AD [2] . Therefore, promotion of neuroregeneration may become a mean of treatment of AD. CAMP-response element binding protein (CREB) is a recognized nuclear transcription factor with the function of regulating the growth, differentiation, survival and regeneration of neurons [3] . It plays an important role in the central nervous system in regulating the expression of its downstream genes through autophosphorylation. CREB phosphorylation is regulated by many signal pathways, among which Ca 2+ -CaMK-CREB signaling pathway is a pivotal pathway. Phosphorylation of CREB at Ser133 site is produced through the activation of calmodulin dependent protein kinaseII (CaMKⅡ) [4] . Basic fibroblast growth factor 2 (FGF2) and Early growthresponse-1 (Egr-1) are the downstream gene expression products of CREB, and they are important molecules to promote neuroregeneration and nerve process growth.
Studies have showed that both deposition of Aβ and aluminum poisoning can cause neurotoxicity, which is closely related to the occurrence of AD. Intraventricular injection of amyloid beta protein [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] in combination with aluminum trichloride (AlCl3) and recombinant human transforming growth factor-β1 (RHTGF-β1) (composited Aβ) to establish mimic AD memory impairment model was closer to simulating the neuro-pathological states of clinical AD with multiple pathogenesis participation [5] . SSF, extracted from the aerial parts of Scutellaria baicalensis stems and leaves, has been proved to exert antibacterial, antioxidant, anti-oxygen and improvement memory impairment [6] [7] [8] [9] . However, it has not been reported whether the effect of SSF on the decrease of neuro-regeneration induced by composited Aβ in rats is regulated by Ca 2+ -CaMK-CREB signaling pathway. In the present study, the rats' model of mimic AD memory impairment was established by intraventricular injection of Aβ25-35 in combination with AlCl3 and RHTGF-β1 (composited Aβ) and effect of SSF on the decrease of neuroregeneration induced by composited Aβ and the effective molecule mechanism of SSF in Ca 2+ -CaMK-CREB signaling pathway were reported, which provided an experimental foundation to further clarify that SSF can treat AD by promoting neuro-regeneration.
MATERIALS AND METHODS

Experimental Materials
Animals and Instruments
Sixty healthy adult male SD rats (250±10 g) were purchased from the experimental animal center of Hebei Medical University, and the certificate number is SCXK-2013-0001.They were housed in groups (five per cage) with free access to food and water, under controlled laboratory conditions for 12-hour light-dark cycle and ambient temperature of 22-24℃. The rats were allowed to acclimatize to the laboratory environment for 7 days before the operation. All animal procedures are carried out in accordance with the "Animals management regulations" promulgated by the State Science and Technology Commission of the People's Republic of China on November 14, 1988 
Establishment and Screening of Model
Sixty healthy adult SD male rats were randomly divided into the sham group (10 rats) and the operated group (50 rats). The rats were treatd adaptively for one week. The operated group used the method of Wu xiaoguang et al. to establish the rat model of mimic AD memory impairment by intraventricular injection composited Aβ [10] . The rats were anesthetized with isoflurane and fixed on the rat brain stereotaxic apparatus, and the skin was cut open to expose the skull. Three points were marked on the skull according to the Bao Xinming rat brain stereolocation map [11] . The bregma point was the coordinate origin, and the first point opened at 1.4 mm on the right side of the sagittal suture of 2.0 mm after the bregma point (for injection of RHTGF-β1). The second point was 0.8 mm behind the bregma and 2.0 mm on the left side of sagittal suture (for injection of Aβ25-35 and AlCl3). The third point is located at 2.0 mm before the bregma point and 1.5 mm on the left side of the sagittal suture (for screw fixation). A needle connected to the syringe pump was inserted into the first hole and 1μL of RHTGF-β1 (10 ng) was injected into the hole. The guide casing was embedded at the second point, the first and third holes were fixed with small screws, and the denture base material and denture base water were mixed at the ratio of 1.5 g/ml and then dumped on the plastic base of the catheter and two screws to fix the guide casing and cover the whole skin incision to avoid skin infection. From the second day after operation, the rats in the operation group were microinjected with 4 μg (1 μL) Aβ25-35 in the morning for 14 d and 3 μL aluminum trichloride (1%) in the afternoon for 5 days. And the rats in the sham group underwent the same operation but were injected with the same amount of normal saline. On the 45th day after operation, the rats were trained with Morris water maze for 4 consecutive days, and the success rate of AD memory impairment model was calculated by using the water maze score on the 4th day. The success rate of this experiment was 83. 3%.
Grouping, Administration and Sampling of Animals
The model successful rats were randomly divided into model group and three-dose drug groups. The rats in the drug group were orally given 35, 70 and 140 mg/kg SSF for 31 days, respectively. The rats in the model group and the sham group were given equal volume saline. All the rats were decapitated after the last administration of 40 min. The right brain of three rats in each group was fixed with 4% formaldehyde for 48 hours and embedded in paraffin after routine conduct. The hippocampus and cerebral cortex were isolated on ice and wrapped in aluminum foil and placed in 1.5 mL Ep tubes and frozen in an ultra-cryogenic refrigerator at -86 ℃ for subsequent Western blotting and qPCR examination.
Immunohistochemical Detects of Neun Protein Expression of Hippocampal Gyrusneurons of Rats
Paraffin sections were conventional dewaxed to water, repaired with citrate buffer solution and blocked with 5%BSA, and then added NeuN primary antibody, 4 ℃ for the night. After incubation with the second antibody, DAB was used to chromogenic reaction and neutral gum was used to seal slices. Finally, the sections were observed and photographed under 400× OLYMPUS microscope. Three slices were selected in each group, and three visual fields were randomly collected from each slice. Page 15
Western Blotting Detects CamkⅡ, P-CREB-Ser133, FGF2 and Egr-1 Proteins Expression Levels in Hippocampus and Cortex of Rats
The hippocampal and cortical tissues of each group were Grinded, and the tissue protein was extracted with RIPA lysate (containing PMSF)，and the concentration of sample protein was determined by BCA method. The protein was transferred to PVDF membrane by wet transfer method after SDS-PAGE electrophoresis, then sealed with milk powder, and the first antibody of CaMKⅡ, p-CREB-Ser133, FGF2 and Egr-1 was added separately and placed overnight at 4 ℃. The next day, the membrane was washed after the incubation with the second antibody, and exposed and developed with ultra-sensitive ECL chemiluminescence agent. The protein bands were analyzed by Image J , and the ratio of peak area of target protein to internal reference β-actin protein was used as their relative expression. 
Qpcr Detects CamkⅡ, FGF2 and Egr-1 Mrna Expression Levels in Hippocampus and Cortex of Rats
Statistical Analyses
All the data were analyzed by SPSS 19 Statistical Software, and the data was expressed as mean±SD.
Single factor analysis of variance (one-way ANOVA) was used to compare the mean of multiple samples. P<0.05 was considered to be statistically significant. Figure 1 is the determinative result of light microscopy of NeuN protein expression in the hippocampal gyrus of rats. The results showed that the positive expression of NeuN protein in hippocampal gyrus of rats in sham group was significantly higher, which is brownish yellow granule. Most of the staining sites were in the nucleus and a few in the cytoplasm. Compared with the sham group, the positive expression of NeuN in hippocampal gyrus cells of the model group was significantly lessened, and almost all of the staining sites were in the cytoplasm, and very few in the nucleus. However, three doses of SSF can markedly increase the protein expression of NeuN in hippocampal gyrus induced by composited Aβ to varying degrees. Compared with the model group, the positive expression of NeuN in rats' hippocampal gyrus in 35, 70 and 140 mg/kg SSF groups was reversed the decrease induced by composited Aβ. The most of the staining sites were in cytoplasm, the staining of nucleus increased successively, and the staining color deepened. Figure 4 shows that the FGF2 protein content in the hippocampus and cerebral cortex of the model group decreased by 1.63 times (P<0.01) and 1.55 times (P<0.01), respectively, as compared with the sham group. However, three doses of SSF can increase the FGF2 protein expression level in hippocampus and cerebral cortex of rats induced by composited Aβ to varying degrees. Compared with the model group, three doses of SSF increased FGF2 protein content in the hippocampus by 62.02%, 62.02% and 133.03% (P < 0.01), respectively, 70mg/kg SSF increased the content of FGF2 protein in the cerebral cortex of composited Aβ rats by 25.71% (P < 0.01), respectively.
RESULTS
Effect of SSF on the Protein Expression of Neun in The Hippocampal Gyrus of the Rats
Effect of SSF on the Expression of CamkⅡ Proteins in Hippocampus and Cerebral Cortex of Rats
Effect of SSF on the Protein Expression of P-CREB-Ser133 in the Hippocampus and Cerebral Cortex of Rats
Effect of SSF on the Protein Expression of FGF2 in the Hippocampus and Cerebral Cortex of Rats
Figure4. The effect of SSF on expression of FGF2 protein in hippocampus and cerebral cortex of rats in each
group. Mean ± SD. n =3． ## p＜0.01 vs sham group; **p＜0.01 vs model group.
Ca2+-Camk-CREB Mediates the Effect of Flavonoids from Scutellaria Baicalensis Stems and Leaves on the Decrease of Neuroregeneration-Induced by Composited Aβ in Rats
International Journal of Medicinal Plants and Natural Products (IJMPNP) Page 18 Figure 5 shows that compared with the sham group, the content of Egr-1 protein in the hippocampus and cortex of the model group decreased by 141.10% and 80.03% (P<0.01), respectively. Three doses of SSF can increase the Egr-1 protein expression level in hippocampus and cortex of rats induced by composited Aβ to varying degrees. Compared with the model group, three doses of SSF increased the content of Egr-1 protein in the hippocampus of composited Aβ rats by 250.00%, 183.33% and 181.10% (P<0.01), respectively, and the content of Egr-1 protein in the cerebral cortex increased by 75.22%, 182.05% and 28.40% (P<0.01), respectively.
Effect of SSF on the Protein Expression of Egr-1 In The Hippocampus and Cerebral Cortex of Rats
Figure5.
The effect of SSF on the expression of Egr-1 protein in the hippocampus and cerebral cortex of rats in each group. Mean ± SD. n =3. ## p＜0.01 vs sham group; ** p＜0.01 vs model group. Figure 6 is the result of CaMKII in hippocampus and cerebral cortex of rats by qPCR. Figure 7 is the result of FGF2 in hippocampus and cortex of rats by qPCR. The results showed that compared with the sham group, the expression of FGF2mRNA in the hippocampus of the model group increased by 22 the decrease of neuroregeneration, and the decrease of neuroregeneration further aggravates the cognitive impairment of AD patients [13] . Promoting neuroregeneration may be a compensatory response to compensate for the pathological deficiency and neurological function to AD. Neuroregeneration was promoted which can increase synaptic plasticity, repair damaged neural circuits and restore cognitive function. Under normal circumstances, neural precursor cells can produce new neurons and develop into mature cells with neural functions. However, for AD patients, although the neural stem cells in the subgranule lower area of the dentate gyrus of the hippocampus can proliferate and differentiate, they cannot develop into mature neurons [14] . Therefore, AD can be evaluated by detecting the number of mature nerve cell elements in the brain. Neuronal core antigen neuron, a specific protein NeuN is a soluble protein distributed in mature nerve nucleus of vertebrate nervous system. NeuN can specifically bind to the nucleus and cytoplasm of mature nerve cells, and has the characteristics of high conservation in vivo and stable expression during the special stage of nerve cell growth [13] . It is often used as a specific marker of mature nerve cells and an important target of neural structure and function. In this study, it was found that intraventricular injection of composited Aβ significantly reduced the expression of NeuN in the hippocampal gyrus of rats. The results showed that intraventricular injection of composited Aβ can reduce the number of mature neurons, and the results were parallel to the decrease of neuroregeneration in patients with AD. However, three doses of SSF can reverse the decrease of NeuN in rat hippocampal gyrus neurons induced by composited Aβ to varying degrees, which indicates that SSF can increase the number of mature neurons in the brain of AD-like rats and promote neuroregeneration.
Effect of SSF on the Expression of CamkⅡMrna in Hippocampus and Cerebral Cortex of Rats
Effect of SSF on the Expression of FGF2 Mrna in Hippocampus and Cerebral Cortex of Rats
Effect of SSF on the Expression of Egr-1 Mrna in Hippocampus and Cerebral Cortex of Rats
In the process of neuroregeneration, multiple protein factors are involved in the survival and integration of new neurons. CREB is one of the most important protein factors, which can regulate the key steps of neuroregeneration, such as cell survival, proliferation, differentiation, growth and development, as well as the synaptic plasticity and long-term memory formation of nerve cells [15] . The biological activity of the CREB protein is regulated by the phosphorylation of the Ser-133 site in vivo, while the phosphorylation of CREB is regulated by several signaling pathways including cAMP-CREB, Ca 2+ -CaMK-CREB, Ras-ERK-CREB and P13-Akt-CREB [16] . Extracellular signaling causes intracellular Ca 2+ to bind with calmodulin (CaM) to form bioactive calcium-calmodulin complex (Ca 2+ /CaM). through the Ca 2+ -CaMK-CREB signaling pathway. Ca 2+ /CaM further activated calmodulin kinaseⅡ. Activated CaMKⅡ can phosphorylate Ser-133 site of CREB, p-CREB-Ser133 promoted neuroregeneration by activating its downstream protein factor [17] . Studies have found that CaMKⅡ is a kind of polymerase enzyme, which widely exists in nerve tissue, is an important component of mammalian forebrain total protein and postsynaptic dense part [18] , and It is also the key regulator of synaptic plasticity. The increase of CaMKII can increase the plasticity of synapses and promote neuroregeneration. The increase of CaMKII can increase the plasticity of synapses and promote neuroregeneration. Therefore, the activation of CaMKII and CREB can accelerate the proliferation and morphological maturation of neonatal neurons. The present study found that intraventricular injection of composited Aβ can significantly decrease the expression of CaMKⅡand p-CREB-Ser133 protein in the brain of rats. And three-doses SSF could reverse the decrease of CaMKⅡ and p-CREB-Ser133 expression in hippocampus and cerebral cortex of rats to varying degrees. These results suggested that SSF can promote neuroregeneration by increasing the proteins content of CaMKII and p-CREB-Ser133 in the brain of rats with AD-like disorder.
In the process of neuroregeneration, CREB is the key executor of cell survival mediated by neurotrophic factor [19] . Nerve growth factor is regulated by p-CREB-Ser133 and plays an important role in cell survival. Nerve growth factor has the function of promoting nerve tissue injury repair, nerve protection and nerve nutrition [20] . The increase of its expression can promote neuroregeneration and further improve nerve function including AD memory impairment. FGF2 and Egr-1 are two important neurotrophic factors related to neuroregeneration.
FGF2 is an effective neurotrophic factor that can promote neuronal regeneration and nervous process growth, and maintain the survival of cortical neurons. It is involved in the growth and differentiation of a variety of neurons and can stimulate the mitosis and differentiation of neuron progenitor cells and glial cells [21] . It has been showed that on the one hand, FGF2 plays a role by regulating CREB to activate cyclic adenosine monophosphate (cyclic adenosine 3', 5'-monophosphate, cAMP) to induce the growth and differentiation of nerve cells [22] . On the other hand, FGF2 accelerates the metabolic renewal of neurons by regulating the calcium channels of the cell membrane [23] . Moreover, FGF2 can promote the survival of various cells in the central nervous system, such as VZ cells in the embryonic cerebral cortex, and can regulate the neuronal density and change the cell structure in the middle cerebral cortex. This experiment found that intraventricular injection of composited Aβ can decrease the protein content of FGF2 in rats. However, three-dose SSF can reverse the decrease of FGF2 protein expression and regulate the expression of FGF2 mRNA in the brain of rats induced by composited Aβ. This result suggests that SSF can promote neuroregeneration by increasing the protein content of FGF2 in the brain of rats with quasi-AD. Egr-1 is known as a nerve growth factor inducible factor, and it is a member of a family of immediate early genes (IEGs). It is a downstream gene of CREB and is regulated by it. Phosphorylated CREB binds to cAMP response element (CRE) and can induce Egr-1 transcription. Activated Egr-1 is closely related to synaptic plasticity, learning and memory, and neuroregeneration [24] . It is an important molecule in the process of synaptic plasticity and the formation, consolidation and re-consolidation of long-term memory. In this study, it was found that intraventricular injection of composited Aβ can decrease the expression of Egr-1 protein and mRNA in the brain of rats. However, three-doses SSF could reverse the decrease of Egr-1 protein and mRNA expression in hippocampus and cerebral cortex of rats. This suggests that SSF can promote neuroregeneration by increasing the expression of Egr-1 protein and mRNA in the brain of rats with quasi-AD. These results showed that SSF has a different dose-effect relationship with the expression of CaMKⅡ, P-CREB-Ser133, FGF2 and Egr-1 proteins and mRNA in the hippocampus and cerebral cortex of the composited Aβ rats. The reason may be that flavonoids from stems and leaves of Scutellaria baicalensis is a kind of mixture in which different components interact with each other.
Precipitation-type Aβ is the main component of senile plaques in the cerebral cortex and is an important factor in causing AD. Aluminum can inhibit the transformation of precipitated Aβ to dissolved Aβ, and RHTGF-β1 can enhance the deposition of Aβ in the brain [25] . The nerve injury induced by the three can simulate the characteristics of human AD more comprehensively. The results showed that intraventricular injection of Aβ25-35 in combination with AlCl3 and RHTGF-β1 could reduce the protein contents of CaMKⅡ, p-CREB-Ser133, FGF2 and Egr-1 in the brain, and then induce the decrease of neuroregeneration in the brain of rats. However, SSF can regulate the mRNA contents of CaMKⅡ, FGF2 and Egr-1 in varying degrees, increase the expression of CaMKⅡ, p-CREB-Ser133, FGF2 and Egr-1 proteins in hippocampus and cerebral cortex, and reverse the decrease of neuroregeneration induced by composited Aβ in the brain of rats. The mechanism may activate Ca 2+ -CaMK-CREB signaling pathway by up-regulate the expression of CaMKII, increase the phosphorylation of CREB, and further increase the expression levels of neurotrophic factors FGF2 and Egr-1 of downstream of CREB. The present study suggested that the effect of SSF on neuroregeneration may be beneficial to treatment of AD.
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